The statistical approach to the thermal neutron radiography picture analysis is applied to evaluation of the experimental results obtained for drying of rectangular and cylindrical samples of granulated and rigid porous materials. We have shown that the time dependence of the standard deviation of image brightness reects the appearance and motion of the drying front observed during second period of the drying process. The results are discussed within a simple two-region model of the drying sample image.
Introduction
Although drying has been studied for almost a century, the role of various processes of mass and heat transfer within a drying systems is still discussed [18] and new experimental data on drying are welcomed and thoroughly analyzed. It is considered that the simplest drying systems are those formed of capillary porous media.
For these systems the traditional division of drying into three main periods, named constant rate (CRP), rst and second falling rate periods (FRP) according to the time behavior of rate of mass decrease of drying specimen remains valid [15] . The CRP is determined by the evaporation rate from the sample surface and eciency of capillary forces driving the water to the sample surface from the water lled pores. In the rst FRP the ow of water lms covering the surfaces of partially lled with water capillary channels is important. During the second FRP the moisture is transported from the moderately wet central core to the sample surface by vapor diffusion through capillaries [13] . At this stage the rather sharp boarder surface called the submerged or receding (from sample surface) drying front limiting the wet core is formed [39] . One should note that during last twenty years a relevant progress in the investigations of drying has been brought about by application of new imaging techniques like NMR [10] , X-ray [11, 12] and thermal neutron imaging [1323] , which permit detailed observation of spatial moisture distribution in the porous sample.
Recent application of thermal neutron radiography (NR) in the observations of drying processes of capillary--porous media has created new possibilities of determination of moisture distribution inside the body of drying * corresponding author; e-mail:
Izabela.Fijal-Kirejczyk@ncbj.gov.pl specimen. In particular, the drying front [9, 17, 18, 21] and its motion across the sample volume have been visualized and quantied from the recorded sequences of neutron radiographs. The aim of present work has been the statistical description of the neutron radiographs corresponding to the main phases of drying process in capillary-porous samples of dierent shape.
The merit of neutron imaging in revealing the presence of water in porous media stems from very strong scattering of thermal neutrons by hydrogen nuclei, which removes neutrons from the incident beam producing dark regions in the images of water containing samples [1316] .
Due to small attenuation of neutrons by most materials, the NR provides the possibility of revealing the spatial distribution of water in the sample body [1, 5, 1322] .
The radiography studies of processes consist in quantication of the images not only with pure visual inspection of noise corrected and contrast enhanced radiographs. Usually, in order to nd some emerging features in the samples studied the pictures are analyzed for changes in brightness as well as distribution of grey levels among pixels [18, 21] . In this work we suggest the additional use of the brightness standard deviation as a measure of picture diversication that delineates patterns emerging during the observed process. In the analysis the digital representation of the picture of the sample is considered as the stochastic matrix whose elements take values from the set of the encoded grey levels.
The statistical approach to the neutron radiographs analysis is here demonstrated with the experimental results obtained for drying of rectangular and cylindrical samples of granulated and rigid porous materials.
Experiments
The experiments were carried out at the neutron radiography station (NGRS) at the MARIA nuclear research reactor of NCBJ [1923] . The drying process was With the eective porosity of the mortar of ≈ 60%, the initial mass content of water in the sample was ≈ 26%. 
The average brightness ⟨b⟩ of the sample image increased very steeply with time during the rst period of drying and levelled o rather smoothly at the advanced period for both samples studied (Fig. 3) . The time dependence of the standard deviation ∆ is more complex with one maximum observed for the rectangular sample ( Fig. 4a) and two maxima for the cylindrical one (Fig. 4b ).
Discussion
It is obvious that the increase in average brightness of the sample's image is due to main feature of the drying 
and for the square of the standard deviation
It is obvious that the standard deviation attains here only one maximum for p D = 1/2 which corresponds to the equal fractional areas of the images of the wet and dry regions.
In order to explain the two maxima found in the ∆ 2 vs. t plot for the cylindrical sample one should consider the non-uniformity of the homogeneous cylinder image due to the dierent neutron path for the rays transmitted through the outer and central regions of the cylinder.
The scattered neutrons smooth the distribution of the brightness over the cylinder image [15, 16, 18, 1921] .
We have proved recently [21] In eect the rst maximum in the standard deviation is produced (Fig. 4b) . This reasoning can be expressed 
The calculation results reveal a small initial increase of the brightness standard deviation with and its subsequent sharp decrease when the scattering component disappeared (Fig. 5) . The atness of that maximum is due to the one-dimensionality of the model. The second maximum in ∆ 2 vs. t plot is exact analogue of the eect observed in the rectangular sample.
At the beginning of the second period the dry outer region begins to develop yielding two distinct regions in the cylindrical sample image as it was found for the rectangular sample. As the light frame becomes wider the standard deviation of brightness initially increases to reach a maximum and then decreases as the partial area corresponding to the wet region image diminishes.
We should note that the standard deviation given by Eq. (4), depends on the area of the inner core region image provided as well as on the dierence in brightness of the two distinct regions observed. In eect the determination of the rate of the drying front motion by the analysis of the time variation of brightness standard deviation is dicult. We believe that the direct determination of the front position from neutron radiographs provides more reliable data for analysis of the drying front kinetics during the last stage of the process.
Conclusions
We have shown that the drying front occurring in the second drying period can be visualized with thermal neutron radiography for samples of dierent shape made of dierent materials. We proposed and applied the sta- 
